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NITRILE HYDRATASE AND A METHOD 
FOR PRODUCING AMIDES 

TECHNICAL FIELD 

The present invention relates to a novel nitrile hydratase 
and a method for producing amide compounds from nitrile 
compounds using the nitrile hydratase. 

BACKGROUND ART 

To improve the expression level of nitrile hydratase, 
methods that overexpress nitrile hydratase in microorganism 
cells by genetic engineering and that convert nitrile com 
pounds to the corresponding amide compounds using the 
cells have been examined. For example, knoWn nitrile 
hydratases are derived form the folloWing microorganisms. 
All of the nitrile hydratases are enzymes consisting of tWo 
types of heterogeneous subunits. 

The genus Rhodococcus (Examined Published Japanese 
Patent Application (JP-B) NO. Hei 3-54558) 

The genus Rhodococcus (Unexamined Published Japa 
nese Patent Application (JP-A) NO. Hei 2-119778) 

The genus Pseudomonas (JP-A Hei 3-251184) The genus 
Rhodococcus rhodochrous (EP Patent Application NO. 
455646) 

HoWever, in all cases, the expression level of nitrile 
hydratase activity is not high enough With E. coli trans 
formed With an expression plasmid containing an insert 
fragment of any nitrile hydratase gene described in these 
patent publications; the nitrile-hydrating activity per Weight 
of cells of the transformant is loWer than that of the original 
microorganism from Which the gene is derived (Ikehata, 0., 
Nishiyama, M., Horinouchi, S. and Beppu, T. “Primary 
structure of nitrile hydratase deduced from the nucleotide 
sequence of a Rhodococcus speices N-774 and its expression 
in Escherichia coli” Eur. J. Biochem. 181(1989), 563-570; 
Nishiyama, M., Horinouchi, S., Kobayashi, M., NagasaWa, 
T., Yamada, H. and Beppu, T. “Cloning and Characterization 
of Genes Responsible for Metabolism of Nitrile Compounds 
from Pseudomonas chlororaphis B23” Journal of bacteriol 
ogy 173 (1991):2465-2472; Kobayashi, M., Nishiyama, M., 
NagasaWa, T., Horinouchi, S., Beppu, T. and Yamada, H. 
“Cloning nucleotide sequence and expression in Escherichia 
coli of tWo cobalt-containing nitrile hydratase genes from 
Rhodococcus rhodochrous J1” Biochimica et Biophysica 
Acta. 1129 (1991):23-33). 
As mentioned above, it has been possible to express the 

nitrile hydratase activity itself in E. coli by genetic recom 
bination techniques. HoWever, so far, there is no available 
transformant having so high nitrile hydration activity as to 
be used for the industrial production of amides. 
On the other hand, a nitrile hydratase, Which exhibits very 

high nitrile hydration activity, has been found in Achromo 
bacler xerosis (IFO 12668), and the gene encoding the 
enzyme has been cloned. Further, the gene Was introduced 
into E. coli using an expression plasmid, and nitrile 
hydratase Was overproduced With the resulting transformant 
(JP-A Hei 8-266277). This report shoWs only examples of 
acrylamide and ot-hydroxyisobutylamide production, and 
thus there is no description on the activity of this enzyme 
toWard 2-hydroxy-4-methylthiobutyronitrile in the report. 

Thus, little is knoWn about nitrile hydratases that can use 
2-hydroxy-4-methylthiobutyronitrile (hereinafter abbrevi 
ated as HMBN) as a substrate. Furthermore, there is no 
previous method for producing 2-hydroxy-4-methylthiobu 
tylamides (hereinafter abbreviated as HMBAm) from 2-hy 
droxy-4-methylthiobutyronitrile using E. coli transformed 
With an expression plasmid containing the nitrile hydratase 
gene as an insert fragment. 
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2 
On the other hand, With respect to the production of 

ot-hydroxyamide by microorganism, there is a knoWn 
method for producing the corresponding amides from lac 
tonitrile, hydroxyacetonitrile, ot-hydroxy methylthiobuty 
ronitrile and such, using microorganisms belonging to the 
genus Bacillus, the genus Bacleridium, the genus Micrococ 
cus or the genus Brevibaclerium (see JP-B Sho 62-21519). 
In addition, there also exists a publicly knoWn method for 
producing mandelamide from cyanohydrin (see JP-A Hei 
4-222591; JP-A Hei 8-89267). 

HoWever, the enzymes having the nitrile hydratase activ 
ity capable of converting nitrile compounds to amide com 
pounds have a problem that the enzymes readily lose their 
oWn enzymatic activities due to the presence of the nitrile 
compound as starting material or amide compound as the 
product. If the concentration of nitrile compound is raised in 
order to increase the rate of amidation, the nitrile hydratase 
is readily inactivated in a short period of time, and thus it is 
hard to obtain amide compound as the reaction product in a 
desired period of time. In addition, the amide compounds as 
the products also readily inactivate the nitrile hydratase, and 
thus it is dif?cult to obtain a high concentration of amide 
compound. 

Furthermore, in varying degree depending on the type of 
compound, ot-hydroxynitrile has been knoWn to be partially 
decomposed to the corresponding aldehyde and hydrocyanic 
acid in a polar solvent (see V. Okano et al., J. Am. Chem. 
Soc., Vol. 98, 4201 (1976)). In general, aldehydes are linked 
to proteins and can inactivate the enzymatic activity (see 
Chemical Modi?cation of Proteins, G. E. Means et al., 
Holden-Day, 125(1971)). Further, like aldehyde, hydrocya 
nic acid (cyanide) can also inhibitorily act on many 
enzymes. Thus, aldehyde and cyanide produced from ot-hy 
droxynitrile as the starting material can be the cause of 
decreased enzymatic activity. Because of a problem that the 
enzyme is inactivated in a short period of time in the 
enzymatic hydration or hydrolysis of ot-hydroxy nitrile, it 
Was dif?cult to obtain a high concentration of ot-hydroxya 
mide With high productivity. 

To prevent the loss of enzymatic activity, various methods 
for increasing the enzymatic activity or for suppressing the 
loss of enzymatic activity (inactivation) have been tested. 
Such attempts include, for example, the folloWing: 
The reaction is carried out at a loWer temperature ranging 

from the freezing point to 150 C. (JP-B Sho 56-38118). 
A loWer concentration of substrate is continuously sup 

plied from multiple supply ports (JP-B Sho 57-1234). 
A microorganism or processed product thereof is treated 

With an organic solvent (JP-A Hei 5-308980). 
The reaction is carried out in the presence of higher 

unsaturated fatty acid (JP-A Hei 7-265090). 
The microorganism cells are subjected to crosslinking 

treatment With glutaraldehyde and such (J P-A Hei 
7-265091; JP-A Hei 8-154691). 

The concentration of hydrocyanic acid contaminated in 
the nitrile compound is loWered by a chemical method, 
and then nitrile hydratase is alloWed to react With the 
nitrile compound (see JP-A Hei 11-123098). 

The long-term stabilization of the enzymatic activity is 
achieved by the presence of sul?te ion, acid sul?te ion 
or dithionite ion (see JP-A Hei 8-89267) 

Aldehyde is added (see JP-A Hei 4-222591). 
None of these methods had suf?cient effects on the 

industrial applications. Although some of the methods Were 
effective, they had room for economical or practical 
improvement. For example, the above-mentioned method 
adding aldehyde requires a large quantity of aldehyde in 1-5 
times molar excess of cyanohydrin as the start material, and 
thus the method Was less than an economical solution. 
Similarly, it is illustrated that the method adding sul?te ion, 
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acid sul?te ion or dithionite ion requires addition of the ion 
in an amount equivalent to or larger than that of the starting 
material, and thus the method Was not practical one. 
An objective of the present invention is to provide a nitrile 

hydratase having high nitrile-hydrating activity. Another 
objective of the present invention is to provide a stable 
nitrile hydratase capable of maintaining the high enzymatic 
activity over a long period of time. In addition, still another 
important objective of the present invention is to provide a 
nitrile hydratase capable of also using 2-hydroxy-4-meth 
ylthiobutyronitrile as a substrate. 

Furthermore, another objective of the present invention is 
to provide the gene encoding nitrile hydratase having high 
nitrile hydration activity, recombinant plasmid containing 
the gene and transforrnant containing the recombinant plas 
mid. In addition, yet another objective of the present inven 
tion is to provide a method for producing the corresponding 
amides from nitrile using the transformant expressing high 
nitrile hydration activity. 

DISCLOSURE OF THE INVENTION 

The present inventors strenuously studied to achieve the 
above-mentioned objectives, and found nitrile hydratase 
having very high nitrile hydration activity in microorgan 
isms belonging to the genus Rhodococcus (Rhodococcus 
sp.). Then, the present inventors con?rmed that the nitrile 
hydratase Was a novel enzyme usable for achieving the 
above-mentioned objectives, and thus completed the present 
invention. 

The inventors then cloned the gene encoding the enzyme 
by recombinant DNA technology, and prepared E. coli 
transformed With the expression plasmid comprising an 
expression vector containing the isolated gene as an insert. 
Further, the present inventors succeeded in the large-scale 
production of the nitrile hydratase With the obtained trans 
formant and thus completed the present invention. 

Namely, the present invention provides the folloWing 
nitrile hydratase, polynucleotide encoding the enzyme, 
method for producing the enzyme and method for producing 
amides using the enzyme of the present invention. 

The nitrile hydratase of the present invention has the 
folloWing physicochemical properties (a) and (b): 
(a) acting on the nitrile group of nitrile compound, hydrating 

the nitrile group and converting it to an amide group; and, 
(b) being cyanide-resistant. 

In the present invention, the activity of hydrating the 
nitrile group of nitrile compound and converting it to an 
amide group is referred to as “nitrile hydratase activity”. 
Preferably, an enzyme capable of acting on the compound of 
the folloWing formula (1) and producing the amide com 
pound of formula (3) is designated as “nitrile hydratase”. 

Formula (1): 

(1) 
OH 

R CN 

Formula (3): 

(3) 
OH 

R CONHZ 

(Where R represents substituted or unsubstituted alkyl 
group, substituted or unsubstituted alkenyl group, substi 
tuted or unsubstituted cycloalkyl group, substituted or 
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4 
unsubstituted alkoxy group, substituted or unsubstituted 
aryloxy group, substituted or unsubstituted saturated or 
unsaturated heterocyclic group). 

Preferably, the nitrile hydratase of the present invention 
can act on 2-hydroxy-4-methylthiobutyronitrile and produce 
2-hydroxy-4-methylthiobutyroamide. 
The nitrile hydratase activity of the present invention can 

be con?rmed as folloWs. At ?rst, an enzyme sample is added 
to a 0.1 M potassium phosphate buffer (pH 6.5) containing 
10% v/v 2-hydroxy-4-methylthiobutyronitrile (HMBN) as 
the substrate. Instead of the enzyme sample, microorganism 
cells and crude enzyme are also usable. After addition of 
enzyme, the solution is incubated at 20° C. for 15 minutes. 
The reaction solution is then combined With an excess 
volume of 0.1% (v/v) phosphate solution, and the mixture is 
shaken vigorously to stop the reaction. The reaction product 
can be analyzed by HPLC. 

According to this assay method, 1 U of nitrile hydratase 
Was de?ned as the amount of enzyme capable of producing 
1 umol nicotinamide at 20° C. for 1 minute in a reaction 
solution With a standard composition; 1 U Was de?ned as the 
amount of enzyme capable of producing 1 umol HMBAm at 
20° C. for 1 minute in a reaction solution With a standard 
composition. 

Speci?cally, for example, the enzymatic activity can be 
assayed by the procedure as described in Examples. Further, 
protein quanti?cation is carried out by the dye-binding 
method using a protein assay kit from Bio-Rad. 
On the other hand, as used herein, “cyanide resistance” 

means that the enzyme retains 40% or more nitrile hydratase 
activity When treated at 20° C. for 30 minutes in the presence 
of 1 mM cyanide ion. Alternatively, When the enzyme retains 
10% or more nitrile hydratase activity after treated at 20° C. 
for 30 minutes in the presence of 5 mM cyanide ion, one can 
state that the enzyme is cyanide-resistant. 

Further, the present invention provides nitrile hydratase 
having the folloWing physicochemical properties (1)-(7): 

(1) Molecular Weight: 
The molecular Weight is approximately 110,000 Da When 

determined by gel ?ltration; 
The enzyme is separated to tWo subunits of 26.8 kDa and 

29.5 kDa by SDS-polyacrylamide gel electrophoresis. 

(2) Action: 
The enzyme acts on the nitrile group of nitrile compound. 

(3) Optimal pH: 
The activity of hydrating nitrile group is maximized at pH 

5.5-6.5. 

(4) Optimal Temperature: 
The activity of hydrating nitrile group is maximized at 

40-45° C. 

(5) pH Stability: 
The enzyme is stable Within pH 4-9. 

(6) Thermal Stability: 
The enzyme retains 70% or more activity after heat 

treated at 50° C. for 30 minutes. 

(7) Inhibitor: 
The enzyme is inhibited by HgCl2, AgNO3, hydroxy 

lamine or phenylhydrazine. 
Further, the present invention provides nitrile hydratase 

having the folloWing physicochemical properties (c) and/or 
(d) in addition to the above-mentioned physicochemical 
properties (a) and (b), or (1)-(7) 
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(c) Substrate Speci?city: 
The enzyme uses 2-hydroxy-4-methylthiobutyronitrile as 

the substrate and produces 2-hydroxy-4-methylthiobutyroa 
mide. 

(d) Stabilization: 
The enzyme is stabilized by divalent metal ions. 
In the present invention, the substrate speci?city of nitrile 

hydratase can be determined by the method for testing the 
activity nitrile hydratase as described above. Further, as used 
herein, “stabilized by divalent metal ions” means that the 
enzymatic activity is not substantially reduced even When 
the enzyme is incubated With 1.8 W/W % 2-hydroxy-4 
methylthbutyronitrile in the presence of a divalent metal ion 
for 20 minutes. In a preferred embodiment of the present 
invention, the nitrile hydratase of the present invention can 
maintain 110% or higher activity under these conditions. 

In the present invention, the above-mentioned divalent 
metal ion includes nickel ion and cobalt ion. These divalent 
metal ions enhance the enzymatic activity of nitrile 
hydratase of the present invention at a concentration of 0.1 
mM-1 M, generally 0.5-100 mM, preferably 1-10 mM. 

The nitrile hydratase of the present invention can be 
puri?ed from microorganisms capable of producing the 
enzyme by commonly used protein puri?cation methods. 
The above microorganisms can be cultured in a standard 
bacterial culture medium. Some compounds for inducing the 
expression of nitrile hydratase can be added to the medium. 
For example, the addition of a nitrile compound or amide 
compound can enhance the activity of nitrile hydratase. 
More speci?cally, acetonitrile, acetamide and such can be 
used as the enzyme-inducer. 

Microorganisms capable of producing the enzyme are 
su?iciently groWn, and then the cells are harvested. The cells 
are lysed in an appropriate buffer to prepare cell-free extract. 
The buffer can contain a reducing agent such as 2-mercap 
toethanol, protease inhibitor such as phenylmethanesulfonyl 
?uoride (PMFS). The nitrile hydratase can be puri?ed from 
the cell-free extract by fractionation based on the protein 
solubility and appropriate combinations of various chro 
mato graphic procedures. 
As a fractionation method based on the protein solubility, 

for example, precipitation With an organic solvent such as 
acetone and dimethylsulfoxide or salting out With ammo 
nium sulfate can be used. On the other hand, knoWn chro 
matographic methods include cation-exchange chromatog 
raphy, anion-exchange chromatography, gel ?ltration, 
hydrophobic chromatography as Well as many procedures of 
af?nity chromatography using dye, antibody and others. 
More speci?cally, the nitrile hydratase of the present inven 
tion can be puri?ed as an electrophoretically homogeneous 
polypeptide, for example, by hydrophobic chromatography 
using phenyl-TOYOPEARL, anion-exchange chromatogra 
phy using DEAE-Sepharose, hydrophobic chromatography 
using butyl-TOYOPEARL, af?nity chromatography using 
Blue-Sepharose, gel ?ltration using Superdex 200, and oth 
ers. 

Microorganisms that can be used for this purpose include, 
for example, those belonging to the genus Rhodococcus 
(Rhodococcus sp.) More speci?cally, Rhodococcus sp. Cr4 
is a suitable microorganism for producing the nitrile 
hydratase of the present invention. Rhodococcus sp. Cr4 has 
been deposited under the accession number of FERM 
BP-6596 in the International Patent Organism Depositary. 

International Deposition of Rhodococcus sp. Cr4: 
(a) Name and Address of Depositary Institute 
Name: International Patent Organism Depositary, 

National Institute of Advanced Industrial Science and 
Technology (AIST), Independent Administrative Insti 
tution (Previous Name: The National Institute of Bio 

5 

20 

25 

30 

35 

40 

45 

55 

60 

65 

6 
science and Human-Technology, The Agency of Indus 
trial Science and Technology, The Ministry of 
International Trade and Industry) 

Address: Chuo 6, 1-1, Higashi 1-chome, Tsukuba-shi, 
Ibaraki 305-8566 Japan 

(b) Date of Deposition (Original Date of Deposition): Dec. 
8, 1998 

(c) Accession Number: FERM BP-6596 
The nitrile hydratase of the present invention is that can 

be obtained from Rhodococcus sp. Cr4 is a novel enzyme 
having the above-mentioned physicochemical properties 
(a)-(d) and (1)-(7). The structural feature is described above 
as the physicochemical property (1); the enzyme is a hetero 
dimeric polypeptide consisting of ot-subunit of 26.8 kDa and 
[3-subunit of 29.5 kDa, determined by SDS-PAGE. The 
amino acid sequence of ot-subunit is shoWn in SEQ ID NO: 
2 (226 amino acid residues) and the amino acid sequence of 
[3-subunit, in SEQ ID NO: 4 (207 amino acid residues). 
Namely, the present invention provides the folloWing sub 
stantially pure protein complex having the nitrile hydratase 
activity. 
The present invention relates to a substantially pure 

protein complex betWeen polypeptide comprising the amino 
acid sequence of SEQ ID NO: 2 and polypeptide comprising 
the amino acid sequence of SEQ ID NO: 4. Further the 
present invention includes a homologue of the protein 
complex betWeen polypeptide comprising the amino acid 
sequence of SEQ ID NO: 2 and polypeptide comprising the 
amino acid sequence of SEQ ID NO: 4. 
The term “substantially pure” as used herein in reference 

to a given protein, polypeptide, or protein complex means 
that the protein, polypeptide, or protein complex is substan 
tially free from other biological macromolecules. The sub 
stantially pure protein, polypeptide, or protein complex is at 
least 75% (e.g., at least 0.80, 85, 95, or 99%) pure by dry 
Weight. Purity can be measured by any appropriate standard 
method knoWn in the art, for example, by column chroma 
tography, polyacrylamide gel electrophoresis, or HPLC 
analysis. 
The protein complex of the present invention is a nitrile 

hydratase that can be expressed by genetic recombination 
techniques using isolated polynucleotides encoding the 
nitrile hydratase of the present invention. The polynucle 
otides encoding the nitrile hydratase of the present invention 
can be isolated, for example, by the folloWing method. 
The nitrile hydratase provided by the present invention 

consists of ot-subunit encoded by the polynucleotide shoWn 
in any one of (A)-(E), and [3-subunit encoded by the poly 
nucleotide shoWn in any one of (a)-(e), and is a protein 
complex having the folloWing physicochemical properties 
(i) and (ii). 

(i) E?fect: 
Acting on the nitrile group of nitrile compound, hydrating 

the nitrile group and converting it to an amide group; and 
(ii) Substrate Speci?city: 
The enzyme uses 2-hydroxy-4-methylthiobutyronitrile as 

the substrate and produces 2-hydroxy-4-methylthiobutyroa 
mide. 
The polynucleotide shoWn in any one of the folloWing 

(A)-(E) can be used as the gene encoding ot-subunit consti 
tuting the protein complex of the present invention. In the 
present invention, the polynucleotide shoWn in any one of 
(A)-(E) is useful for expressing the ot-subunit of nitrile 
hydratase of the present invention: 

(A) a polynucleotide comprising the nucleotide sequence 
of SEQ ID NO: 1; 
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(B) a polynucleotide encoding polypeptide comprising 
the amino acid sequence of SEQ ID NO: 2; 

(C), a polynucleotide encoding polypeptide comprising 
the amino acid sequence of SEQ ID NO: 2, Which 
contains one or more amino acid substitutions, dele 
tions, insertions and/or additions; 

(D) a polynucleotide capable of hybridizing to a poly 
nucleotide comprising the nucleotide sequence of SEQ 
ID NO:1 under stringent conditions; 

(E) a polynucleotide encoding polypeptide having 70% or 
higher identity to the amino acid sequence of SEQ ID 
NO: 2. 

Moreover, the polynucleotide shoWn in any one of the 
folloWing (a)-(e) can be used as the gene encoding [3-subunit 
constituting the protein complex of the present invention. In 
the present invention, the polynucleotide shoWn in any one 
of (a)-(e) is useful for expressing the ot-subunit of nitrile 
hydratase of the present invention: 

(a) a polynucleotide comprising the nucleotide sequence 
of SEQ ID NO: 3; 

(b) a polynucleotide encoding polypeptide comprising the 
amino acid sequence of SEQ ID NO: 4; 

(c) a polynucleotide encoding polypeptide comprising the 
amino acid sequence of SEQ ID NO: 4, Which contains one 
or more amino acid substitutions, deletions, insertions and/ 
or additions; 

(d) a polynucleotide capable of hybridiZing to a poly 
nucleotide comprising the nucleotide sequence of SEQ ID 
NO: 3 under stringent conditions; 

(e) a polynucleotide encoding polypeptide having 70% or 
higher identity to the amino acid sequence of SEQ ID NO: 
4. 

The present invention relates to isolated polynucleotides 
encoding subunits of the nitrile hydratase and homologues 
thereof. 
As used herein, an “isolated polynucleotide” is a poly 

nucleotide the structure of Which is not identical to that of 
any naturally occurring polynucleotide or to that of any 
fragment of a naturally occurring genomic polynucleotide 
spanning more than three separate genes. The term therefore 
includes, for example, (a) a DNA Which has the sequence of 
part of a naturally occurring genomic DNA molecule in the 
genome of the organism in Which it naturally occurs; (b) a 
polynucleotide incorporated into a vector or into the 
genomic DNA of a prokaryote or eukaryote in a manner such 
that the resulting molecule is not identical to any naturally 
occurring vector or genomic DNA; (c) a separate molecule 
such as a cDNA, a genomic fragment, a fragment produced 
by polymerase chain reaction (PCR), or a restriction frag 
ment; and (d) a recombinant nucleotide sequence that is part 
of a hybrid gene, i.e., a gene encoding a fusion polypeptide. 
Speci?cally excluded from this de?nition are polynucle 
otides of DNA molecules present in mixtures of different (i) 
DNA molecules, (ii) transfected cells, or (iii) cell clones; 
e.g., as these occur in a DNA library such as a cDNA or 
genomic DNA library. 

Accordingly, in one aspect, the invention provides an 
isolated polynucleotide that encodes a polypeptide described 
herein or a fragment thereof. Preferably, the isolated poly 
nucleotide includes a nucleotide sequence that is at least 
60% identical to the nucleotide sequence shoWn in SEQ ID 
NO: 1 or 3. More preferably, the isolated nucleic acid 
molecule is at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 
92%, 0.93%, 94%, 0.95%, 96%, 97%, 98%, 99%, or more, 
identical to the nucleotide sequence shoWn in SEQ ID NO: 
1 or 3. In the case of an isolated polynucleotide Which is 
longer than or equivalent in length to the reference sequence, 
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8 
e.g., SEQ ID NO: 1 or 3, the comparison is made With the 
full length of the reference sequence. Where the isolated 
polynucleotide is shorter than the reference sequence, e.g., 
shorter than SEQ ID NO: 1 or 3, the comparison is made to 
segment of the reference sequence of the same length 
(excluding any loop required by the homology calculation). 
Each of the nucleotide sequences of polynucleotides 

encoding ot-subunit and [3-subunit of nitrile hydratase of the 
present invention as Well as the amino acid sequences 
encoded by the nucleotide sequences are novel. Based on the 
information of the nucleotide sequences revealed in the 
present invention, the genes of interest can be obtained form 
the deposited microorganism as described above. The genes 
can be obtained by PCR or screening With hybridization 
technique. The full-length genes can also be obtained by 
chemical DNA synthesis. 

Further, based on the information on the above nucleotide 
sequences, it is possible to obtain the nitrile hydratase gene 
derived from other organisms. For example, the nitrile 
hydratase genes derived from various organisms can be 
isolated by performing, under stringent conditions, hybrid 
iZation to polynucleotides prepared from other organisms, 
using the above nucleotide sequence or a partial sequence 
thereof as a probe. 
The term “polynucleotide capable of hybridiZing under 

stringent conditions” means a polynucleotide capable of 
hybridiZing to a polynucleotide, Which has a nucleotide 
sequence selected from the nucleotide sequences of SEQ ID 
NO: 1 (ot-subunit) and SEQ ID NO: 3 ([3-subunit), as a 
probe, for example, With an ECL direct nucleic acid labeling 
and detection system (Amersham Pharmacia Biotech) under 
the conditions as described in the manual (Wash: With a 
primary Wash bulfer containing 0.5><SSC at 42° C.). Also 
included in the invention is a polynucleotide that hybridiZes 
under high stringency conditions to the nucleotide sequence 
of SEQ ID NO: 1 or a segment thereof as described herein. 
“High stringency conditions” refers to hybridiZation in 
6><SSC at about 45° C., folloWed by one or more Washes in 
0.2><SSC, 0.1% SDS at 65° C. The nucleotide sequence 
constituting the probe polynucleotide can be prepared as one 
or more sequences consisting of arbitrary but at least con 
secutive 20 nucleotides, preferably at least 30 consecutive 
nucleotides, for example, consecutive 40, 60 or 100 nucle 
otides selected from the above-mentioned nucleotide 
sequences. 

Further, based on the information on the above nucleotide 
sequences, PCR primers can be designed from regions 
exhibiting high homology. The gene encoding nitrile 
hydratases can be isolated from various organisms by PCR 
using such primers and chromosomal DNA or cDNA as a 
template. 

In the method of the present invention, it is possible to use 
not only the natural enZyme but also an enZyme comprising 
the amino acid sequence of the natural enZyme in Which one 
or more amino acids have been substituted, deleted, and/or 
inserted, When the enZyme can form the protein complex 
having the above-mentioned physicochemical properties (a) 
and (b) or (1) to (7). One skilled in the art can modify the 
structure of the polypeptide, for example, via introducing 
mutations of appropriate substitutions, deletions, insertions 
and/or additions by site-speci?c mutagenesis (Nucleic Acid 
Res. 10, pp. 6487 (1982); Methods in EnZymol. 100, pp. 448 
(1983); Molecular Cloning 2nd Edt., Cold Spring Harbor 
Laboratory Press (1989.); PCR, A Practical Approach IRL 
Press pp. 200 (1991)) and such. Further, amino acid muta 
tions can be generated in nature. Thus, not only the enZyme 
having arti?cial amino acid mutations but also the enZyme 
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containing spontaneous amino acid mutations can be used in 
the method of the present invention. 

The number of amino acids that are mutated is not 
particularly restricted, as long as the enZyme can form the 
protein complex having the above-mentioned physico 
chemical properties (a) and (b) or (1) to (7). Normally, it is 
Within 50 amino acids, preferably Within 30 amino acids, 
more preferably Within 10 amino acids, and even more 
preferably Within 3 amino acids. The site of mutation may be 
any site, as long as the enZyme can form the protein complex 
having the above-mentioned physicochemical properties (a) 
and (b) or (1) to (7). 
An amino acid substitution is preferably mutated into 

different amino acid(s) in Which the properties of the amino 
acid side-chain are conserved. A “conservative amino acid 
substitution” is a replacement of one amino acid residue 
belonging to one of the folloWing groups having a chemi 
cally similar side chain With another amino acid in the same 
group. Groups of amino acid residues having similar side 
chains have been de?ned in the art. These groups include 
amino acids With basic side chains (e.g., lysine, arginine, 
histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, 
glutamine, serine, threonine, tyrosine, cysteine), nonpolar 
side chains (e.g., alanine, valine, leucine, isoleucine, proline, 
phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side 
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). 

In addition in the method of the present invention, the 
gene encoding a polypeptide having homology to the amino 
acid sequence of each subunit of nitrile hydratase can also be 
used for the present invention, When the product can form 
the protein complex having the above-mentioned physico 
chemical properties (a) and (b) or (l)-(7). The genes can be 
obtained by using protein homology search. Such homology 
search can be carried out, for example, by using the folloW 
ing publicly knoWn databases: 
Amino acid sequence databases for protein such as 

SWISS-PROT and PIR, 
DNA databases such as DNA Databank of JAPAN 

(DDBJ), EMBL and GenBank, 
Databases of amino acid sequences deduced from DNA 

sequences, and, 
Programs for homology search such as FASTA program 

and BLAST program. 
Further, database search services using the programs for 

searching the above databases are also available on Internet. 
The nitrile hydratase to be used in the present invention can 
be found by using this type of service. 
A polypeptide having at least 85%, preferably 90% or 

higher, more preferably 95% or higher identity to the amino 
acid sequences of SEQ ID NO: 2 (ct-subunit) or SEQ ID NO: 
4 ([3-subunit) is a preferred polypeptide of the present 
invention constituting the nitrile hydratase to be used in the 
present invention. As used herein, “percent identity” means, 
for example, the value of percent identity in “Positive” using 
BLAST program. Speci?cally, “percent identity” of tWo 
amino acid sequences or of tWo nucleic acids is determined 
using the algorithm of Karlin and Altschul (Proc. Natl. Acad. 
Sci. USA 87: 2264-2268, 1990) modi?ed as in Karlin and 
Altschul (Proc. Natl. Acad. Sci. USA 90:5873-5877, 1993). 
Such an algorithm is incorporated into the NBLAST and 
XBLAST programs of Altschul et al. (J. Mol. Biol. 215: 
403-410, 1990). BLAST nucleotide searches are performed 
With the NBLAST program, score:l00, Wordlength:l2. 
Homology search of protein can readily be performed, for 
example, in DNA Databank of JAPAN (DDBJ), by using the 
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10 
FASTA program, BLAST program, etc. BLAST protein 
searches are performed With the XBLAST program, 
score:50, Wordlength:3. Where gaps exist betWeen tWo 
sequences, Gapped BLAST is utiliZed as described in Alt 
suchl et al. (Nucleic Acids Res. 25: 3389-3402, 1997). When 
utiliZing BLAST and Gapped BLAST programs, the default 
parameters of the respective programs (e.g, XBLAST and 
NBLAST) are used. 

In the present invention, When the protein complex is 
intended to be prepared by using mutant ot-subunit compris 
ing the amino acid sequence of SEQ ID NO: 2 and mutant 
[3-subunit comprising the amino acid sequence of SEQ ID 
NO: 4 both of Which have mutations in their amino acid 
sequences, either or both of them may be mutant polypep 
tides. Further, the subunits of different origins can be com 
bined With each other to form the protein complex of the 
present invention. When one of the tWo subunits is intended 
to be a mutant, it should be selected to be capable of 
constituting the protein complex, Which has the above 
mentioned physicochemical properties (1) and (2), With the 
other subunit. 

Further, When both ot-subunit and [3-subunit are intended 
to be mutants, one mutant is combined With the other, and 
mutants capable of constituting the protein complex that has 
the above-mentioned physicochemical properties (i) and (ii) 
are selected as Well. In this case, ?rst, a mutant subunit is 
tested to assess Whether it gives the required physicochemi 
cal properties in combination With the other subunit having 
the Wild-type amino acid sequence When the result is posi 
tive, another mutant, Which gives the required physico 
chemical properties, is selected for the partner subunit that 
is used in combination With the ?rst mutant; thus the mutants 
are readily selectable. The desirable mutants of the present 
invention have the above-mentioned physicochemical prop 
er‘ties (a) and (b) or (l)-(7) as Well as the above-mentioned 
physicochemical properties (i) and (ii). 

Preferable enZymatically active material of the present 
invention includes a transformant of homologous or heter 
ogonous host expressing the gene encoding nitrile hydratase, 
Which has been prepared by genetic recombination tech 
niques and treated products thereof. 

There is no limitation on the organism to be used for the 
transformation to express the nitrile hydratase gene of the 
present invention, When the organism can be transformed 
With the recombinant vector containing polynucleotides 
encoding the respective subunits constituting the protein 
complex having the nitrile hydratase activity and can 
express the nitrile hydratase activity. The polynucleotides 
encoding the respective subunits can be retaining in a single 
vector. The polynucleotides for the respective subunits can 
also inserted separately in tWo types of vectors; the protein 
complex of the present invention can be expressed by the 
co-transformation of the vectors. Further, it is possible to 
obtain the protein complex of interest in vitro by combining 
the transformants each of Which expresses a single subunit 
of the tWo. Available microorganisms are those for Which 
host-vector systems are available and include, for example: 

bacteria such as the genus Escherichia, the genus Bacil 
lus, the genus Pseudomonas, the genus Serralia, the genus 
Brevibaclerium, the genus Corynebacleriun, the genus 
Streptococcus, and the genus Laclobacillus; 

actinomycetes such as the genus Rhodococcus and the 
genus Slreplomyces; 

yeasts such as the genus Saccharomyces, the genus 
Kluyveromyces, the genus Schizosaccharomyces, the genus 














































